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(57) ABSTRACT 

A radio-controlled clock (RCC) for receiving and decoding 
a transmitted time signal to display a precise time in accor 
dance With a time standard. A light emitting diode (LED) 
display emits suf?cient light for easy readability under all 
lighting conditions, including the time numerals. A signal 
reception indicator remains lit if the RCC has successfully 
decoded a time signal. If the time signal is currently being 
received and decoded, the signal reception indicator ?ashes. 
If the decoding is unsuccessful, the signal reception indica 
tor Will be unlit until the next decoding attempt. A poWer 
transformer to supply current to electronic circuitry con 
tained Within in the housing of the RCC is located in the 
poWer line cord, as at the plug end, to minimize electro 
magnetic interference With the decoding of the time signals. 
A signal strength indicator may have multiple segments to 
indicate if the received signal is strong, medium, Weak or too 
Weak for decoding. Capability is also provided to program 
a special day, such as a birthday, anniversary, or the like. 

2 Claims, 7 Drawing Sheets 
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RADIO-CONTROLLED CLOCK 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

This patent application is a non-provisional patent appli 
cation of prior provisional patent application Ser. No. 
60/383,203, ?led on May 24, 2002, the right of priority of 
Which is hereby claimed for this patent application. 

BACKGROUND OF THE INVENTION 

This invention relates in general to clocks that can syn 
chroniZe to the time of a precise time standard, such as by 
decoding a loW frequency radio signal that contains precise 
time information. More particularly, a preferred embodi 
ment of the invention relates to clocks of the radio-con 
trolled type that incorporate an improved display for vieW 
ing under all typical lighting conditions, that utiliZe a 
separate poWer transformer to reduce electromagnetic inter 
ference With a received loW frequency radio signal, that 
provide a visual indication of the status of the received radio 
signal, and that provide an indication of the relative strength 
of the received loW frequency time signal so that the user can 
reposition the radio-controlled clock for the best signal 
reception. 

Radio-controlled clocks (RCCs) are knoWn in the prior 
art, and have been commercially available for some time. 
RCCs receive and decode a loW frequency radio signal that 
is coded With precise time information. Such clocks are 
sometimes called “atomic” clocks. HoWever, “atomic” is a 
misnomer for the radio-controlled clocks that are commer 
cially available to the public because atomic clocks utiliZe 
an internal atomic oscillator to keep highly accurate time. 

HoWever, the National Institute of Standards and Tech 
nology (NIST) operates and maintains a highly accurate 
atomic clock in Boulder, Colo., USA. The NIST also oper 
ates a radio station under the call letters WWVB near Fort 
Collins, Colo. Radio station WWVB transmits a loW fre 
quency radio signal that contains precise time information. 
The frequency of the radio signal is 60 KHZ, Well beloW the 
loWest frequency available on the standard AM radio broad 
cast band, i.e., 530 KHZ. This radio signal consists of digital 
bits (ones and Zeros) that are created by raising and loWering 
the transmitted poWer of the signal once every second. It 
takes about one minute to transmit a time code consisting of 
the one-second bits. 

This time signal transmitted by radio station WWVB 
forms the standard for time in the United States and in other 
North American countries. It is utiliZed as the time standard 
by radio and television broadcast netWorks, by many entities 
on the internet, and Wherever else accurate time is needed or 
desired. Many individuals also desire to have a clock that 
provides this highly accurate time. 

Radio-controlled clocks satisfy this need by decoding the 
WWVB time signal and by synchronizing to the current time 
contained in the signal. RCCs also typically include appro 
priate hourly adjustments to compensate for differences of 
time betWeen the different time Zones, and for Daylight 
Savings Time (DST), such that an accurate time is displayed 
in each time Zone Where the RCC is used. 
RCCs contain an antenna and a radio receiver that is 

constantly tuned to the 60 KHZ frequency of radio station 
WWVB. Reception of the radio signal can be affected by 
many factors such as electromagnetic interference and the 
position of the antenna inside the RCC With respect to the 
WWVB transmitter at Fort Collins, Colo. As is typical With 
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2 
loW frequency radio reception, it is knoWn that this loW 
frequency signal is usually stronger during the evening 
hours after the sun has set and before the morning sunrise. 

Initial synchroniZation of the time displayed by the RCC 
to the time code Within the WWVB signal typically takes at 
a couple of minutes, or longer. This is because it takes about 
one minute to transmit the time code in the signal. Rarely 
Will the RCC be initially poWered up to coincide With the 
beginning of a neW time code transmission. Thus, the RCC 
needs to Wait for the next complete time code. Signal 
reception conditions may also affect hoW quickly the RCC 
can decode and display the received time. When synchro 
niZation occurs, the time displayed Will be accurate to Within 
a fraction of a second. Thereafter, the RCC may seek to 
decode the WWVB signal only once to a feW times per day 
to con?rm that it is still on the correct time, or to correct the 
displayed time if necessary. 

Further background information about NIST, radio station 
WWVB and RCCs can be found at the internet site http:// 
WWW.boulder.nist.gov/timefreq/, including the related pages 
available at this site. 

Turning noW to the radio-controlled clock, prior art RCCs 
are knoWn With both analog displays having hour and 
minute hands, and With digital displays. RCCs With digital 
displays are generally preferred over the analog displays 
because the display of the time is generally perceived as 
more precise. A popular component for a digital display is 
the liquid crystal display (LCD). HoWever, LCDs are diffi 
cult to read in dim lighting conditions, such as are encoun 
tered during evening hours, Without some form of backlight 
ing. On the other hand, backlighting can be overly harsh to 
the eyes under the dim lighting conditions of the evening 
hours. 

It is also knoWn that RCCs may experience difficulty in 
receiving the time signal from radio station WWVB in the 
presence of electromagnetic radiation. For example, it is 
commonly recommended that an RCC not be located near a 
cathode ray tube (CRT) monitor of a computer system. 
HoWever, those RCCs that operate from an alternating 
current poWer system commonly employ a poWer trans 
former inside the housing of the RCC. This poWer trans 
former also emits electromagnetic radiation, Which can 
potentially interfere With normal operation of the RCC. This 
poWer transformer provides operating poWer to the loW 
frequency receiver and to the other electronics housed 
Within the RCC. 

Mentioned above is the not insubstantial amount of time 
that is required for the RCC to decode the time signal, as 
Well as the risk that the RCC may be unsuccessful due to 
poor signal conditions, interference, or the like. Prior art 
RCCs do not generally provide any means to inform the user 
about the status of the decoding efforts. For example, there 
is typically no indication Whether a recent decoding effort 
has been successful, or unsuccessful. Similarly, there is no 
indication When the RCC is currently in the process of 
decoding a time signal. 

There is also no indication of the strength of the received 
time signal in prior art RCCs. If the user is given knoWledge 
that the received signal is Weak, he/she can reposition or 
relocate the RCC to increase the strength of the received 
signal, thereby optimiZing performance by receiving the best 
possible time signal. 

SUMMARY OF THE INVENTION 

The present invention provides several features that over 
come the shortcomings of prior art RCCs, as outlined above. 
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A light emitting diode (LED) display emits sufficient light 
for easy readability under all lighting conditions, including 
those segments of the display that de?ne the time numerals. 
A signal reception indicator remains lit if the RCC has 
recently successfully decoded a time signal. If the time 
signal is currently being received and decoded, the signal 
reception indicator continues to ?ash during the decoding 
process. This informs the user that the RCC is operating and 
is currently decoding the time signal. If the decoding is 
unsuccessful, the signal reception indicator Will be unlit 
until the neXt decoding attempt. 

In accordance With the present invention, a poWer trans 
former to supply current to electronic circuitry contained 
Within in the housing of the RCC is located in the poWer line 
cord. Preferably, the poWer transformer forms part of the 
electrical plug so that the poWer transformer is located as far 
from the RCC as possible. Electromagnetic radiation emit 
ted by the transformer is then remote from the electronic 
circuitry in the housing of the RCC, and the electromagnetic 
radiation is unlikely to interfere With successfully decoding 
the time signal. 

The instant invention also provides an indication of the 
received signal strength. This may be implemented by using 
portions or segments of the display. For example, three 
illuminated segments of the display could be used to indicate 
a strong signal, tWo illuminated segments could indicate a 
medium strength signal, one illuminated segment could 
indicate a Weak signal, and no illuminated segments could 
indicate that the signal is too Weak to provide reliable 
information, or that no signal is present. Since decoding of 
the time signal can typically take a feW minutes, the user has 
sufficient time to relocate or reposition the RCC for better 
signal reception. 

It is a general object of the present invention to provide a 
radio-controlled clock With improved user features. 

It is an object of this invention to provide an improved 
display for an RCC With readability under all typically 
encountered lighting conditions. 

Another object of the present invention is to provide a 
visual means of indicating that the RCC is decoding the time 
signal broadcast by radio station WWVB, or that the RCC 
has successfully decoded the time signal. 
A further object of this invention is to reduce the elec 

tromagnetic radiation near the electronic circuitry that 
decodes the time signal to improve the reliability of the 
decoding process. 

Yet another object of the present invention is to provide 
the user of the RCC With an indication of the received signal 
strength so that the user may relocate or reposition the RCC 
for better signal strength. 

Yet a further object of the present invention is to provide 
an RCC that is programmable for a special day, such as a 
birthday, anniversary, or the like, and that provides a dis 
tinctive reminder, such as an audible sound or a visual 
indication, When the special day arrives. 

These and other objects, features and advantages of the 
present invention Will be better understood in connection 
With the folloWing draWings and description of the preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front elevational vieW of a radio-controlled 
clock that incorporates features of the present invention; 

FIG. 2 is a side elevational vieW of one side of the RCC 
illustrated in FIG. 1; 
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4 
FIG. 3 is a side elevational vieW of the other side of the 

RCC illustrated in FIGS. 1 and 2; 
FIG. 4 is a top plan vieW of the RCC illustrated in FIGS. 

1 through 3; 
FIG. 5 is a partial front elevational vieW of the RCC 

illustrated in FIGS. 1 through 4 With a front panel removed 
to shoW various control buttons and sWitches; 

FIG. 6 is a pictorial diagram illustrating a battery indica 
tor; 

FIG. 7 is a pictorial diagram illustrating the various 
operating states of a signal reception indicator; 

FIG. 8 is a pictorial diagram illustrating the various 
operating states of a signal strength indicator; 

FIG. 9 is a pictorial diagram illustrating the various 
operating states of a Daylight Savings Time indicator; 

FIG. 10 is a pictorial diagram illustrating the various 
operating states of a special day indicator; 

FIG. 11 is a pictorial diagram illustrating the various 
operating states for the alarm selections on Weekdays, Week 
ends, or both; 

FIG. 12 is a front elevational vieW of a second embodi 
ment of a radio-controlled clock that incorporates features of 
the present invention; 

FIG. 13 is a side elevational vieW of one side of the RCC 
illustrated in FIG. 12; 

FIG. 14 is a side elevational vieW of the other side of the 
RCC illustrated in FIGS. 12 and 13; 

FIG. 15 is a top plan vieW of the RCC illustrated in FIGS. 
12 through 14; 

FIG. 16 is a block diagram of the electronics and display 
utiliZed by the RCC illustrated in FIGS. 1 through 5; 

FIG. 17 is a circuit diagram of the receiver and decoder 
portion of the electronic circuitry utiliZed by both embodi 
ments of the RCC illustrated in FIGS. 1 through 5 and 12 
through 15; 

FIG. 18 is a side elevational vieW of a combination poWer 
transformer and electrical plug utiliZed by both embodi 
ments of the RCC illustrated in FIGS. 1 through 5 and 12 
through 15; 

FIG. 19 is a circuit diagram of the poWer transformer 
portion of the combination poWer transformer and electrical 
plug illustrated in FIG. 18; 

FIG. 20 is a circuit diagram of the logic portion of the 
electronic circuitry utiliZed by the RCC embodiment illus 
trated in FIGS. 1 through 5; and 

FIG. 21 is a block diagram of the electronics and display 
utiliZed by the RCC illustrated in FIGS. 12 through 15. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The various draWing ?gures Will noW be referred to in 
detail. Turning ?rst to FIG. 1, a radio-controlled clock 
(RCC) is generally designated 31. RCC 31 is of the alarm 
type, and is provided With a snooZe/alarm stop button 32 to 
terminate and temporarily reset any alarm. Pressing button 
32 during an alarm Will reset the alarm to again occur at a 
later time, such as ?ve to ten minutes later. Preferably the 
reset alarm time Will be about nine minutes later. 
RCC 31 also has a display 33 to display the time, such as 

by a plurality of digital numerals 34. In this embodiment, the 
digital numerals 34 may be of a larger, easier to read siZe, 
such as 1.8 inches (4.57 centimeters) in height. 
The indicia on display 33, including the time numerals 34, 

are preferably of the light emitting diode (LED) type. For 
eXample, LED display 33 may be of the “high red” type that 
is also knoWn in the industry as a GaAlAs LED display. 



US 7,012,856 B2 
5 

Displays of the LED type provide excellent visibility under 
most lighting conditions encountered, such as those lighting 
conditions commonly found in home or office environments. 
As an example, LED displays are easily readable at night 
Without the assistance of backlighting as is normally 
required in dim lighting conditions for displays of the liquid 
crystal display (LCD) type. A rotary dimmer sWitch 39 may 
be disposed through housing 41 on the backside of RCC 31 
to provide control of the brightness of LED display 33 at any 
selected brightness level betWeen maximum and minimum 
levels. Dimmer sWitch 39 may have ?xed settings, such as 
high and loW, or may be variable betWeen high and loW 
positions. 

Display 33 has tWo indicators 35 and 36, alarm 1 and 
alarm 2, respectively, for tWo separately settable alarm 
functions. Indicators 35 and/or 36 are illuminated When the 
corresponding alarms are activated. For example, if alarm 1 
is activated, the corresponding alarm 1 indicator 35 Will also 
be illuminated. HoWever, if alarm 2 is not activated, the 
corresponding alarm 2 indicator 36 Will not be illuminated. 

Display 33 also has a PM indicator 38 to indicate that the 
displayed time is PM When the indicator 38 is illuminated. 
OtherWise, it is assumed that the displayed time is AM. 

Display 33 is disposed in a generally rectangular frame 40 
Which may be an integral part of a housing 41 of the RCC 
31. Alternately, frame 40 may be a separate piece that ?ts 
together With other housing portions of housing 41. Frame 
40 and housing 41 may, for example, be fabricated by 
injection molding With thermoplastics, or may be formed by 
other techniques With any other suitable materials. Housing 
41 encloses the electronic circuitry Which controls display 
33. This circuitry Will be presented more fully beloW. 
A second generally oval or elliptical display 43 may be 

disposed on the front of the RCC beloW display 33. Display 
43 is preferably of the same LED type as display 33. Display 
43 includes a signal reception indicator, such as an icon 44. 
In this example, icon 44 is shaped to resemble a radio toWer 
With transmitted Waves radiating from the top of the toWer. 

In accordance With one aspect of the present invention, if 
RCC 31 has recently succeeded in decoding the time signal 
from radio station WWVB and has synchroniZed the time 
displayed by the digits 34 on display 33 to the decoded time, 
icon 44 Will remain continuously illuminated. If RCC 31 is 
currently in the process of receiving and decoding a time 
signal, icon 44 Will continuously ?ash until synchroniZation 
of the time occurs. For example, the ?ash rate may be in the 
range of one-half second to tWo seconds. HoWever, if RCC 
31 has been unable to decode a time signal, icon 44 Will not 
be illuminated. Failure to decode a time signal may be due 
to poor signal reception. These various illumination condi 
tions of icon 44 are also illustrated in FIG. 9. 

If the RCC 31 fails to decode a time signal from the loW 
frequency signal from radio station WWVB upon initial 
poWer on, RCC 31 Will continue to search for a decodable 
signal for 20 minutes. If still unsuccessful, RCC 31 Will retry 
for 20 minutes during each of the next tWo hours. Thereafter, 
RCC 31 Will retry for 20 minutes once every three hours. 
When RCC 31 successfully decodes a time signal and 

displays the current time, RCC 31 occasionally updates the 
time to insure accuracy. For example, RCC 31 may update 
the time during the evening hours When a stronger time 
signal is usually present. To this end, RCC 31 may auto 
matically receive and decode the time signal at 1 PM, at 3 
PM and again at 5 PM. If these updates are unsuccessful, 
RCC 31 Will try again every three hours, for example. 

With reference to FIG. 2, an alarm on/off sWitch 46 may 
be disposed on the back of the RCC 31. In this instance, 
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6 
sWitch 46 is disposed on the backside of the frame 40. An 
audible alarm Will typically last for about tWo minutes. The 
audible alarm may be terminated at any time by moving 
alarm on/off sWitch 46 to the off position. Moving alarm 
on/off sWitch 46 back to the on position Will reset the alarm 
for the next day. 
As shoWn in FIG. 3, a time Zone sWitch 47 is disposed on 

the back of RCC 31, such as on the backside of frame 40. 
SWitch 47 may be set to PST for Paci?c Standard Time, 
MST for Mountain Standard Time, CST for Central Stan 
dard Time or EST for Eastern Standard Time. Setting of 
sWitch 47 to the proper time Zone Will enable the electronics 
in housing 41 to calculate and display the proper time. The 
only time signal transmitted by radio station WWVB from 
Fort Collins, Colo. is the current GreenWich Mean Time 
(GMT). To display the correct time, the RCC must convert 
the decoded GMT time into the local United States time for 
the applicable time Zone, as set by sWitch 47. 

Also provided on the backside of frame 40 in FIG. 3 is a 
Daylight Savings Time (DST) on/off sWitch 48. SWitch 48 
similarly compensates for Daylight Savings Time. While 
most states in the United States go onto DST for a portion 
of the year, certain states such as AriZona and Indiana do not. 
Thus, DST sWitch 48 should remain in the off position for 
those states or jurisdictions that do not go onto DST. When 
DST sWitch 48 is ?rst moved to the on position for those 
states Where DST is applicable, the DST ON indicator 50 
Will not illuminate until RCC 31 successfully decodes a time 
signal. During those portions of the year When DST is in use, 
the WWVB radio signal also provides information With the 
time signal that DST is noW being employed. 

Once the DST ON indicator 50 becomes illuminated after 
a successful time decode, it Will remain illuminated unless 
the user manually sets the time by pressing the time set 
button 71 and the hour set button 73 or the minute set button 
74. Of course, DST ON indicator 50 also ceases to be 
illuminated When DST is no longer in force, i.e., When the 
time returns to standard time. 

If operating in a state that uses DST, setting of sWitch 48 
to the DST position Will cause indicia 50 on display 43 to 
illuminate the legend “DST ON”. This DST ON indicia 50 
may be seen in FIGS. 1, 5 and 9. 

Disposing sWitches 46, 47 and 48 on the backside of the 
frame 40 enables easy and convenient one hand operation by 
the user. For example, the user can place a thumb of his/her 
hand against the front surface of frame 40 and then use one 
of the ?ngers of the same hand to change the position of one 
of the sWitches 46, 47 or 48 on the backside of frame 40. The 
sWitch that is likely to be used most frequently is the alarm 
on/off sWitch 46 since the time Zone and DST settings of 
sWitches 47 and 48 are likely to be infrequently changed 
after their initial setting. Of course, if RCC 31 is used as a 
travel clock, then the settings of sWitches 47 and 48 may 
change depending upon the time Zone and the applicability 
of DST. 

As seen in FIGS. 1, 5 and 6, display 43 also has “LOW 
BATT” indicia 51 to indicate When a backup battery 132 in 
FIG. 20 needs replacement. While the RCC 31 is intended 
to normally operate from AC poWer, any temporary inter 
ruption in the AC poWer could cause loss of the displayed 
time. RCC 31 Would then need to resynchroniZe With the 
time signal. Use of a backup battery 132 Will help avoid the 
loss of time, and the need to resynchroniZe, for most 
temporary AC poWer outages. The backup battery 132 may 
be, for example, of the commonly available nine-volt alka 
line variety. 
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RCC 31 in FIG. 1 may have a cover panel 69 disposed 
below display 33 and around display 43. Cover panel 69 
may be opened or removed to provide access to a plurality 
of switches and controls, Which can be seen in FIG. 5. 
Depressing a time set button 71 enables the time to be set by 
also pressing an hour button 73 or a minute button 74. 
Similarly, depressing alarm set button 72 and hour button 73 
or minute button 74 enables setting of the alarm. An alarm 
selector sWitch 75 is selectively movable to one of three 
positions to select alarm 1, alarm 2 or both alarm 1 and alarm 
2. TWo alarms are often desirable since a husband and a Wife 
may Wish to be aWakened at different times. TWo alarms may 
alternatively be used to provide a ?rst alarm time during the 
WorkWeek and a second alarm time during the Weekend. 

An AC poWer transformer 54 in FIG. 19 is housed in a 
combination electrical plug and poWer adaptor 55, as seen in 
FIGS. 1, 12 and 18. In accordance With another aspect of the 
present invention, the poWer transformer 54 is provided at 
the end of the poWer cord 56 to keep the transformer 54 
remote from the electronic circuitry in housing 41 of the 
RCC 31. This assists in keeping electromagnetic radiation 
generated by transformer 54 from interfering With the sen 
sitive circuitry that needs to periodically decode the time 
signal. For example, if the RCC can successfully synchro 
niZe to the radio signal from radio station WWVB at a signal 
strength of 40 dbuv/meter (this is equal to 100 microvolts/ 
meter in actual WWVB ?eld strength), it can be predicted 
that the RCC Will be capable of successfully decoding and 
synchroniZing to the radio signal in every part of the United 
States at midnight in the Central Time Zone, i.e., at 0600 
UTC (Universal Time), according to the NIST. HoWever, it 
has been found that if transformer 54 is Within about 5 cm 
of the antenna 116, the RCC is likely to fail to successfully 
decode the radio signal at a strength of 40 dbuv/meter since 
the noise from the transformer increases and the signal-to 
noise ratio is reduced. Testing also con?rms that good 
decoding performance does not result at 38 dbuv/meter until 
the poWer transformer 54 is greater than 12 cm aWay from 
the antenna 116 and the associated receiver circuitry 115. 
Thus, since the housings of the RCCs 31 and 81 are of 
relatively compact siZe, locating the transformer aWay from 
the housing, Which includes the antenna and receiver cir 
cuitry, such as in the line cord 56 and preferably at the distal 
end thereof as part of the adaptor 55, yields signi?cantly 
improved operation of the RCC in decoding and synchro 
niZing to the radio signal. 

Adaptor 55 also includes additional circuitry shoWn in 
FIG. 19. A secondary Winding 58 of the transformer is 
center-tapped and brought out as the ground or negative lead 
at terminal 59. A pair of diodes 60 and 61 recti?es the AC 
signal in their respective portions of the secondary Winding 
58 to provide a positive voltage at terminal 62. A capacitor 
63 ?lters the recti?ed voltage. 

In accordance With yet another aspect of the present 
invention, the strength of the time signal from radio station 
WWVB may be displayed to the user. If the signal strength 
is Weak, relocating or repositioning the RCC 31 can often 
improve the signal. For example, rotating the RCC 31 With 
respect to the direction of the WWVB transmitter in Fort 
Collins, Colo. may improve the strength of the signal 
received by an internal antenna 116 inside the RCC. Antenna 
116 is shoWn in FIG. 17. Similarly, relocating RCC 31 aWay 
from metal objects or near a WindoW, may signi?cantly 
improve the quality of the received signal. Of course, the 
ability of the RCC 31 to decode the time signal increases 
With better quality signals. 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

8 
To assist the user in maximiZing the strength of the 

received time signal, one of the time digits may be utiliZed. 
As seen in FIG. 8, the least signi?cant hour digit and both 
minute digits have three horiZontal segments. These seg 
ments may be selectively used to indicate the signal strength. 
Using the examples in FIG. 8 With the least signi?cant hour 
digit, illumination of all three horiZontal segments in the 
depiction 65 corresponds to a strong time signal. Illumina 
tion of tWo horiZontal segments, as in depiction 64, corre 
sponds to medium signal strength. Illumination of only one 
horiZontal segment indicates Weak signal strength, as shoWn 
in depiction 67. If none of the horiZontal segments is 
illuminated as illustrated in FIG. 68, there is no signal or the 
signal is too Weak to be useful. This exemplary display of the 
signal strength provides useful information to assist the user 
in improving the performance of the RCC 31. For example, 
the user can relocate or reposition the RCC and then easily 
compare the strength of the received signal in the neW 
location or position to that of the prior location or position. 
Of course, other alternatives exist for utiliZing the display 

to indicate signal strength, such as by using one segment 
from each of the plurality of digits, or any subset thereof. Yet 
another alternative for displaying signal strength is to use 
three separate LED indicators, such as illumination of all 
three indicators for a strong signal, tWo indicators for a 
medium signal and one indicator for a Weak signal. 

Turning noW to FIGS. 12 through 15, a second embodi 
ment of a radio-controlled clock, generally designated 81, is 
illustrated. RCC 81 is also has alarm functions. A snooZe/ 
alarm stop button 82 may be used to terminate and tempo 
rarily reset the alarm. SnooZe/alarm stop button 82 is dis 
posed along the upper side of an enlarged and generally 
rectangular frame 90. Frame 90 forms a front portion of the 
housing 91. Frame 90 may be equipped With decorative end 
pieces 92 at both sides of the frame. 
A display 83 is disposed in the frame 91 to display the 

time, such as by a plurality of digital numerals 84. As With 
display 33 for the RCC 31 illustrated in FIGS. 1 through 5, 
display 83 has time indicating numerals 84 and other indicia 
of the LED type. In this embodiment, the numerals 84 may 
be of a smaller and more conventional siZe than the numerals 
34 in RCC 31, such as 0.9 inches (2.29 centimeters). 

The LED portions of display 83 are preferably of the 
“high red” type, such as of the GaAlAs type, for improved 
and excellent visibility under virtually all normally encoun 
tered lighting conditions. A rotary dimmer sWitch 100 may 
be disposed through housing 91 on the backside of RCC 81 
to provide control of the brightness of LED display 83 at any 
selected brightness level betWeen maximum and minimum 
levels. 

Similar to the display 33 of RCC 31, display 83 of RCC 
81 has an alarm 1 indicator 35, an alarm 2 indicator 36 and 
a PM indicator 38. These indicia operate as previously 
described With respect to RCC 31. 

Some of the indicia previously found in the second 
display 43 of RCC 31 are noW incorporated into the display 
83 of RCC 81. The RCC signal reception icon 44 is noW 
Within display 83, and operates as previously described. A 
DST on/off indicator 86 is noW an LED, With a legend “DST 
ON” to indicate that DST is on When the indicator 86 is 
illuminated. DST indicator 86 operates similarly to the DST 
ON indicator 50 of RCC 31, as described above. A loW 
backup battery indicator 87 is an LED that is illuminated 
When the backup battery needs replacement. Both of these 
LED indicators 86 and 87 are noW also located Within the 
common display 83. 
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Disposed near the bottom edge of display 83 is a plurality 
of calendar indicators 88, to indicate the day of the Week. A 
separate indicator 88 is provided for each day of the Week, 
Sunday through Saturday. Electronic circuitry, Which Will be 
discussed beloW, illuminates that LED associated With the 
present day of the Week. These calendar indicators 88 may 
be an optional feature. 

Display 83 also includes a special day indicator 89. The 
special day may be set to someone’s birthday, to a Wedding 
anniversary or to a day of the month When an important 
payment is due, such as on a reoccurring monthly day When 
a mortgage payment or a credit card payment must be paid. 
When set, the LED associated With special day indicator 89 
Will remain lit to assure the user that the special day has been 
successfully entered. When the special day arrives, the LED 
associated With indicator 89 Will continuously ?ash to 
remind the user that the special day has arrived. The rate of 
?ashing may be in the range of one-half to tWo seconds. 
When the special day arrives, RCC 81 Will also provide a 
pleasant audible sound for a ?xed period of time, such as 
about 15 seconds. For eXample, this special day sound may 
be provided at each hour betWeen 9 AM and 9 PM. 
A portion of housing 91 may project forWardly under 

display 83 to form a base or console 93 With a plurality of 
control buttons and sWitches. Atime set button 94 is used in 
conjunction With an hour set button 97 and a minute set 
button 98 to set the time. An alarm set button 95 is used in 
conjunction With hour and minute buttons 97 and 98 and an 
alarm selector sWitch 99 to set alarms 1 and 2. The operation 
of buttons 94, 95, 97 and 98 and sWitch 99 for RCC 81 is 
similar to those previously described for the corresponding 
buttons 71 through 74 and switch 75 of RCC 31 shown in 
FIG. 5. 

Similar to RCC 31, RCC 81 has an alarm on/off sWitch 46 
disposed on the backside of frame 90 (FIG. 13) and a time 
Zone set sWitch 47 and a DST on/off sWitch 48 also disposed 
on the backside of frame 90 (FIG. 14). Operation of sWitches 
46 through 48 are similar the corresponding sWitches pre 
viously described above for RCC 31. 
As discussed above With respect to frame 40 of RCC 31, 

When frame 90 is oversiZed compared to the housing 91, and 
When the sWitches 46, 47 and 48 are disposed on the 
backside of frame 90, the user may conveniently operate 
these sWitches With one hand. 
RCC 81 has its poWer transformer 54 (FIG. 19) housed in 

the combination plug and poWer adaptor 55 at the end of the 
poWer line cord 56. This arrangement Was described above 
for RCC 31 and is for the same purpose, i.e., to keep 
electromagnetic radiation generated by poWer transformer 
54 remote from the electronic circuitry in the interior of 
housing 91. As With RCC 31, RCC 81 contains similarly 
sensitive circuitry for decoding the time signal from radio 
station WWVB. 

Having noW described the structure and functions of tWo 
different embodiments of the radio-controlled clock, RCC 
31 and RCC 81, the methods of programming certain 
functionalities into these RCCs Will noW be presented. 

To set the time Zone: Slide time Zone sWitch 47 to the 
appropriate time Zone; PST, MST, CST or EST. Slide DST 
sWitch 48 to the on position for those jurisdictions that use 
DST. OtherWise, DST sWitch should be in the off position. 
The DST indicator 50 or 86 Will not illuminate until a time 
signal from radio station WWVB has been decoded. 

To set the time: Both RCCs Will normally automatically 
receive and decode the time signal. HoWever, in those 
locations Where the time signal is Weak during the daylight 
hours, it may be necessary to manually set the clock until it 
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can receive a stronger time signal during the evening hours. 
To set the hour, press and hold the time set button 71 or 94 
While also pressing the hour button 73 or 97. To set the 
minute, press and hold the time set button 71 or 94 While 
also pressing the minute button 74 or 98. Releasing the time 
set button 71 or 94 causes the display 33 or 83 to display the 
set time. If the set time is incorrect, the correct time Will be 
displayed When the RCC 31 or 81 successfully decodes the 
time signal. 

To set the calendar (When provided, such as for RCC 81): 
The time digits 84 of display 83 are converted to displaying 
a year by pressing the time set button 94 and pressing the 
snooZe button 82 once. Thereafter, the hour and minute 
buttons 97 and 98 are pressed until the desired year appears. 
The month and day are set by pressing the time set button 94 
and then pressing the snooZe button 82 tWice. Thereafter, the 
hour button 97 is pressed until the correct month appears and 
the minute button 98 is pressed until the correct day appears. 
Releasing the time set button 94 returns the RCC 81 to the 
time display mode. 

To observe signal strength: The ?rst time that either RCC 
31 or RCC 81 is poWered up, the time digits 34 or 84 of the 
display 33 or 83 Will read “i100”, With the digit to the left 
of the colon indicating the signal strength as shoWn in FIG. 
8. If the time Was previously successfully determined and 
RCC 31 or RCC 81 is noW in the receiving mode to update 
the prior time determination, the signal strength can be 
accessed by pressing the time set button 71 or 94 once and 
then pressing the hour/Wave button 73 or 97. If RCC 31 or 
RCC 81 is not presently in the receiving mode, the receiving 
mode may be manually initiated by pressing the hour/Wave 
button 73 or 97. 

To set alarms 1 and 2: Slide the alarm selector sWitch 75 
or 99 to the alarm 1 position. Alarm 1 LED 35 Will 
illuminate. Press and hold alarm set button 72 or 95 While 
pressing the hour button 73 or 97 to set the hour for alarm 
1. Similarly, press and hold alarm set button 72 or 95 While 
pressing the minute button 74 or 98 to set the minute for 
alarm 1. The setting of alarm 2 is similar, but alarm selector 
sWitch 75 or 99 must ?rst be in the alarm 2 position. Release 
of the alarm set button 72 or 95 returns the display 33 or 83 
to the time display mode. The preset alarm times may be 
vieWed at any time by pressing the alarm set button 72 or 95 
With the alarm selector sWitch 75 or 99 in the alarm 1 
position for alarm 1 or in the alarm 2 position for alarm 2. 

To set the Weekday or Weekend alarm (When provided, 
such as for RCC 81): The alarm 1 and alarm 2 functions 
normally operate as tWo separate alarm times for each day 
of the Week provided that alarm selector sWitch 99 is in the 
alarm 1 and alarm 2 position. HoWever, RCC 81 may be 
programmed to use the alarm 1 and alarm 2 functions to 
provide an alarm at a preset time during the Week days, such 
as on Monday through Friday, and a different preset alarm 
time on the Weekend days, such as on Saturday and Sunday. 
If all seven of the daily LEDs 88 on display 83 are 
illuminated, such as at the depiction 102 in FIG. 11, alarm 
programming is in the above-described mode that alloWs 
programming of tWo separate alarms for each day. Program 
ming of the alarms is changed to the Weekday/Weekend 
mode by pressing the alarm set button 95 and the snooZe 
button 82. The daily LEDs 88 Will then be illuminated as 
shoWn in depictions 103 and 104 depending on Whether the 
alarm selector sWitch 99 is in the alarm 1 position or the 
alarm 2 position. Thus, RCC 81 may be programmed to 
provide an alarm at a ?rst selected time during the Week 
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days, i.e., on Monday through Friday, and an alarm at a 
second selected time on the Weekend, i.e., on Saturday and 
Sunday. 

To set the special day for one day each year (When 
provided, such as for RCC 81): Press the special day set 
button 96 and press the hour set button 97 until the desired 
month appears. Then press the special day set button 96 and 
the minute set button 98 until the desired day appears. As 
shoWn in FIG. 10 at depiction 105, the special day indicator 
99 Will stay on to indicate that the special day has been 
programmed. Upon arrival of the special day, LED indicator 
89 Will ?ash as shoWn in depiction 106 of FIG. 10, for 
example, at a rate in the range of one-half to tWo seconds. 

To set the special day for one day each month (When 
provided, such as for RCC 81): Press the special day set 
button 96 and press the hour set button 97 until the time 
digits 84 display “--:” Then press the special day set button 
96 and press the minute set button 98 until the desired day 
appears. RCC 81 Will then cause special day LED indicator 
89 to ?ash upon the selected day for all months of the year. 

In both special day modes, RCC 81 preferably provides a 
pleasant sound pattern, such as upon each hour for about 15 
seconds, in addition to the continuously ?ashing LED 89. 
The special sound pattern preferably occurs at each hour 
from about 9 AM to 9 PM. If no special day is programmed, 
LED indicator 89 is not illuminated as shoWn in depiction 
107 of FIG. 8. 

The electronic circuitry that controls the operation of 
RCC 31 is generally designated 110 in FIG. 16. Electronic 
circuitry 110 also controls the tWo displays 33 and 43, 
including the time digits 34, the alarm 1 and alarm 2 
indicators 35 and 36, the PM indicator 38, the signal 
reception icon 44, the loW battery indicator 43 and the DST 
indicator 50, via a plurality of conductors 112. 

The electronic circuitry that controls the operation of 
RCC 81 is generally designated 111 in FIG. 21. Circuitry 111 
is, in general, quite similar to circuitry 110 for RCC 31 With 
the exception of some additional functions such as the 
special day indicator 89 and the Weekday indicators 88. 
Other functions, such as the ability to program alarms 1 and 
2 for Weekday/Weekends instead of providing tWo alarms for 
each day, may reside in softWare differences. In a manner 
similar to that described for RCC 31, the circuitry 111 of 
RCC 81 controls the above-mentioned indicia on display 83 
via a plurality of conductors 113. 

FIG. 17 illustrates typical loW frequency radio signal 
decoder circuitry, generally designated 115, for either RCC 
31 or RCC 81. An antenna 116 receives the radio loW 
frequency signal that includes current time information from 
radio station WWVB. This received radio signal is presented 
by antenna 116 to pins 5 and 6 of a decoder integrated circuit 
(IC) 117. A 60 KHZ crystal 118 is connected across pins 1 
and 3 of IC 117. Crystal 118 provides an accurate frequency 
reference for IC 117 to accurately decode and recover the 
time signal from the radio signal. The time signal is output 
on terminal 7 of IC 117 to a TCO terminal 119. 

The loWer level and logic circuitry is generally designated 
125 in FIG. 20. The electronic circuitry 110 for RCC 31 in 
FIG. 16 consists of the decoder circuitry 117 in FIG. 17 and 
the loWer level and logic circuitry 125 in FIG. 20. The 
electronic circuitry 111 for RCC 81 in FIG. 21 similarly 
consists of the decoder circuitry 117 and circuitry similar to 
the loWer level and logic circuitry 125. As pointed out above, 
RCC 81 incorporates some additional functions, part of 
Which are implemented in circuitry and part of Which are 
implemented in softWare. OtherWise, circuitry 111 for RCC 
81 bears close resemblance to the circuitry 110 for RCC 31. 
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Looking noW at the circuitry 125 of FIG. 20, the decoded 

time signal from TCO terminal 119 of the decoder circuit 
115 is input to loWer level and logic circuitry 125 at TCO 
terminal 119. Apair of transistors 121 and 122 conditions the 
time signal. The time signal at the collector terminal of 
transistor 122 is presented to a microprocessor or microcon 
troller 120 at an input pin TCO_IN. Microcontroller 120 
analyZes the time information present on the time signal to 
determine the current time. Microcontroller then supplies 
the decoded time on one or more output terminals S0 
through S10 to display 33 of RCC 31. 
PoWer to circuitry 125 is supplied by a poWer supply, 

shoWn Within the dashed lines 123, such as to poWer supply 
terminal VDD of microcontroller 120. PoWer supply 123 
also supplies poWer to the decoder circuitry 115, such as at 
VDD terminal 127. As previously discussed, poWer supply 
123 is preferably located in the AC plug and adaptor 55 of 
FIGS. 1, 12 and 18. PoWer supply 123 may alternately 
comprise the circuitry shoWn in FIG. 19, such as for RCC 
81. 
A dimmer sWitch 124 preferably is inserted in series 

betWeen poWer supply 123 and display 33 to control the 
brightness of the display. As shoWn in FIG. 20, dimmer 
sWitch 124 has tWo positions, HI and LOW. As previously 
described, dimmer sWitch 124 could alternatively be vari 
able betWeen HI and LOW positions, such as the dimmer 
sWitch 100 in FIGS. 13 through 15 to provide a continuously 
variable dimmer function for display 33. 
A plurality of sWitches Within the dashed lines 129 

provides user inputs to input terminals KEYO through KEY 
3 of microcontroller 120. These sWitches correspond to the 
above-described time set buttons 71 and 94, alarm set 
buttons 72 and 95, hour set buttons 73 and 97, minute set 
buttons 74 and 98, snooZe and alarm stop buttons 32 and 82, 
alarm selector sWitches 75 and 99 and time Zone selector 
sWitch 47. 
A speaker 130 provides an audible alarm sound. When 

alarm sWitch 46 is set to the alarm or on position, BEEP 
terminal of microcontroller 120 provides a beeping signal 
through alarm sWitch 46 to the base of a transistor 131. 
Transistor 131 ampli?es and provides the beeping signal to 
speaker 130 that sounds an audible alarm. 

As previously mentioned, a backup battery 132 is con 
nected to the electronic circuitry to provide poWer in the 
event of a poWer failure at the AC input to the normally 
operating poWer supply 123. In the event of an AC poWer 
failure, backup battery 132 Will supply the operating poWer. 
RCC 31 Will continue to eXecute all of its functions includ 
ing displaying the current time, updating the time by occa 
sionally decoding the time signal and providing any prepro 
grammed alarms. Battery 132 Will typically provide backup 
poWer for more than 24 hours. Thus, throughout temporary 
AC poWer outages, RCC 31 Will continue to accurately 
display the current time. 

In the embodiment of RCC 31, the LOW BATT LED 
indicator 51, the DST ON LED indicator 50, and the signal 
reception LED indicator 44 are located on a second display 
43 in FIG. 1. These LED indicators are therefore shoWn 
separate from display 33 in FIG. 20. 

In many Ways, the structure, features and operation of 
RCC 31 and RCC 81 are similar. While certain differences 
in structure, features and/or operation Were identi?ed 
betWeen RCC 31 and RCC 81, it Will be appreciated by those 
skilled in the art that some of these differences in RCC 81 
could be incorporated into RCC 31, and vice versa. Like 
Wise, yet another RCC could be created by selecting some 
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of the structure, features and operation from RCC 31 and by 
selecting other structure, features and operation from RCC 
81. 

It Will be understood that the embodiments of the present 
invention, Which have been described, are illustrative of 
some of the applications of the principles of the present 
invention. Various modi?cations may be made by those 
skilled in the art Without departing from the true spirit and 
scope of the invention. 

The invention claimed is: 
1. A radio-controlled clock for receiving a transmitted 

time signal that is related to a time standard, and for 
displaying a time that is decoded from the transmitted time 
signal, said radio-controlled clock comprising: 

a housing; 
a display on said housing including indicia for displaying 

the time of day; 
electronic circuitry for receiving the transmitted time 

signal, decoding the transmitted time signal, and for 
providing a decoded time signal to the display; and 
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a single signal reception indicator for indicating that the 

transmitted time signal has been successfully decoded 
by the electronic circuitry; 

said single signal reception indicator ?ashes if the elec 
tronic circuitry is currently decoding a transmitted time 
signal; 

said single signal reception indicator remains continu 
ously on if the transmitted time signal has been suc 
cessfully decoded; and 

said single signal reception indicator remains off if the 
electronic circuitry fails to decode a transmitted time 
signal. 

2. The radio-controlled clock in accordance With claim 1 
Wherein said single signal reception indicator is con?gured 
in the form of a radio toWer With transmitted Waves radiating 
from the top of the toWer. 


